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A new method, based on the absorption of very high-energy gamma-rays by the cosmic 
infrared background, is proposed to constrain the value of the Hubble constant. As this 
value is both fundamental for cosmology and still not very well measured, it is worth 
developing such alternative methods. Our lower limit at the 68% confidence level is Hq > 
74km/s/Mpc, leading, when combined with the HST results, to Ho ~ 76 km/s/Mpc. 
Interestingly, this value, which is significantly higher than the usually considered one, 
is in exact agreement with other independent approaches based on baryonic acoustic 
oscillations and X-ray measurements. Forthcoming data from the experiments HESS-2 
and CTA should help improving those results. Finally, we briefly mention a plausible 
correlation between absorption by the extragalactic background light and the absence of 
observation of gamma-ray bursts (GRBs) at very high energies. 

As the very high energy photons emitted by Active Galactic Nuclei (AGN) travel, 
they interact with the Cosmic Infrared Background (CIB) photons by electron- 
positron pair production. The cross section is maximum for the highest energies 
(typically around 10 — 20 TeV) and the interaction takes place with CIB photons 
in the range 1 — 100 /im. Assuming a well defined CIB energy density, the observed 
AGN spectrum can be unfolded. The absorption factor entering the unfolding pro- 
cedure depends on the Hubble parameter, therefore it can be easily constrained 
by comparing the unfolded spectrum with theoretically "allowed" spectra. Quite 
simply, the smaller the Hubble constant, the higher the distance to the source, the 
higher the absorption, the harder the unfolded spectrum. As a consequence, a too 
small value of the Hubble parameter can eventually lead to an unphysical unfolded 
spectrum. 

The CIB is the relic emission of the formation and evolution of galaxies of all 
types and star-forming systems. The near-IR CIB, from 1 to 10 /im, arises mainly 
from the stellar component of galaxies (probing the evolution at early times). For 
higher wavelengths, between 10 and 200 /im, the radiation is mostly due to dusty 
Ultra Luminous InfraRed Galaxies. The measure of the CIB spectrum is challeng- 
ing as it is difficult to distinguish between the foreground, the atmosphere, and the 
instrument emission itself. Therefore, different methods are used in order to deter- 
mine the CIB all along the emission range. We have considered an up-to-date CIB 
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measurement inventory 1-9 , which satisfactorily constrains the spectrum. 

To turn down the unfolded spectrum into a lower limit on Hq, one has to assume 
a class of "possible" source emission spectra. It is well known that the Inverse- 
Compton (IC) upper energy range bump mimics the concave Synchrotron bump 
(observed at lower energy). Moreover, there is no physical process to inject energy 
above the IC bump, and the Klein-Nishina effect tends to soften the spectrum at 
high energy. As a consequence, the main hypothesis of this study is to assume that 
the AGN spectrum must be concave at high energy, which is in agreement with the 
approach of Ref. 10 and Rcf. 11. The blazar Mrk 501, with redshift z = 0.034, is a 
good source candidate because it has been intensively observed in a broad dynamical 
range between 400 GeV and 21 TeV during the 1997 flare by the experiments CAT 
and HEGRA, as reported in Ref. 12 and Rcf. 11. 

The unfolded spectrum is related with the observed spectrum by a multiplicative 
factor which is the exponential of the optical depth r. This optical depth depends 
on the cross section u{Eagn, £cib) for 7 — 7 pair production 13 being E and e the 
observed energies at z=0, on the CIB energy density n(eciB), and on the Hub- 
ble parameter as follows: t oc J n(eciB)o'(EAGN ,^ciB)deciB- A Monte Carlo 
simulation was performed: at each step, for each wavelength, the CIB flux is ran- 
domly selected according to a Gaussian law centered at the best CIB estimate at 
the considered wavelength (the width is taken as the experimental error bar). This 
procedure is repeated for several Ho values. Figure [T] shows the unfolded spectrum 
vF un f ided{v) = e T ( H °>vF b s {v), for different values of H - One can see that if the 
value of Hq is too small, the unfolded spectrum is no longer concave, which is un- 
physical. Taking into account the uncertainties, the concavity requirement leads to 
H > 74km/s/Mpc at the 68% confidence level (and to H > 54km/s/Mpc at 90% 
confidence level) 14 . 

Finally, it is worth mentioning that absorption by the extragalactic background 
light could very well play an important role in understanding the relatively rare 
population of GRBs observed above 10 GeV. So far, the highest energy emitted from 
a gamma-ray burst has been measured by the Fermi Large Area Telescope, that 
observed a photon 15 of 33.4T.g j GeV from the GRB 090902B at z=1.822. Although 
slightly smaller than Stecker values 16 , our raw estimates of the optical depth is of 
the same order (r ~ 5). This would lead to huge absorption factors of the order 
of 150, making the unfolded spectrum quite unphysical. Evolution effects should of 
course be correctly taken into account, but the situation is quite puzzling. 
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Fig. 1. Unfolded gamma-ray spectra and associated fits for (from bottom to top): no CIB (equiv- 
alent to Ho — > oo), Ho = 50km/s/Mpc, and Ho = 90 km/s/Mpc. 
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